Introduction
The elution of unpolymerized resin components becomes significant when these materials diffuse across dentin from a fresh cavity preparation and are of concentrations high enough to produce a biological effect upon the dental pulp.
It is evident from previous work that certain precursor components of resins are cytotoxic for fibroblastic cells in culture , and thus could contribute to tissue injury of the dental pulp following restorative procedures. The responses of the pulp to dental restorative procedures are often complex and directed by a combination of influences. Bacteria and bacterial substances are the prime suspects when restorations fail to produce a tight seal to the surrounding tooth substance (Brannstrbm and Nyborg, 1972; Bergenholtz, 1989) . Researchers often fail to ascertain other adverse biological reactions, such as effects upon immune functions. Hence, dental restorations with composites, following the release of unpolymerized components, may interfere with the function of the local immune system of the pulp, reducing its defense potential.
In previous studies, we have documented the existence of a variety of immunocompetent cells in the normal dental pulp, some of which appear to have distinct functions in pulpal immunosurveillance (Jontell et al., 1987 (Jontell et al., , 1988 . One of the cells which express class II molecules, a marker of immunological accessory cell function, is non-phagocytic and presents with a dendritic appearance in tissue sections (Jontell et al., 1988) . Another cell shows morphological characteristics typical of macrophages. These two cell types represent the most peripheral outpost of the immune system and are essential for the proper activation of lymphocytes either locally in the pulp or in the regional lymph nodes (Jontell and Bergenholtz, 1992) . It is reasonable to assume that unpolymerized resin components, following their penetration of dentin, may interfere with the function of these cells. To explore this potential, we used an in vitro system that we have developed to assess the accessory capacity of class II molecule-expressing pulpal cells (Jontell and Bergenholtz, 1992; Jontell et al., 1994) . Basically, the assay consists of incubations of suspensions of pulpal cells with purified Tlymphocytes derived from regional lymph nodes in the presence of either mitogen or antigen.
Materials and methods

Test materials
Various resin components (Table 1) were dissolved in 100% DMSO (silylation grade; Pierce, Rockford, IL, USA), as previously described . Each stock concentration was diluted 1000x in medium, giving a final DMSO concentration of 0.1% for each test substance. This DMSO concentration gave no statistical variation from controls with any metabolic parameter previously tested . The stock solutions were used to make serial non-turbid dilutions, which were added to the cells utilized in the in vitro assay.
Assay on spleen cells (Jontell et al., 1994) 
Results
When the suspension of spleen cells, which includes a variety of both accessory cells and lymphocytes, was incubated with Con A as a mitogen and either UDMA, bis-GMA, TEGDMA, BPA, GMA, DHEpT, HDDM, BGE-BPA, or E-BPA (Figs. 1 to 7; Table 2), the proliferative response became depressed in a concentration-dependent fashion. The concentration of resin at which 50% of the DNA synthetic activity was depressed (ID50) was lowest for bis-GMA (10.3 jimol/L) and greatest for DHEpT (760 pmol/L; Table 2 ). Thus, bis-GMA was more toxic than DHEpT as measured by this parameter. When purified T-lymphocytes from cervical lymph nodes were co-incubated with pulpal cells, depression of DNA synthesis was found to be greater than when splenic cells alone were tested, for both UDMA and for concentrations of bis-GMA of 5 pmol/L or less (Figs.   1, 3) . On the other hand, DHEpT and GMA (Figs. 2, 4) did not depress the T-lymphocyte/pulp cell system to the same extent as the splenic cell system. At low concentrations of UDMA (0.5 jimol/L; Fig. 1 ), bis-GMA (0.5 pmol/L; Fig. 3 ), TEGDMA (0.5-5 pmol/L; Fig. 6 ), and BPA (50 pmol/L; Fig. 7 ), a stimulatory effect was noted for spleen cells. None of these four components was stimulatory to T-lymphocytes when they were co-incubated with pulpal cells. In response to CAMP, spleen cells were stimulated from 400 to 500% of the untreated controls (from 32 to 250 pmol/L; Fig. 5 ). If pulpal cells were co-incubated with T-lymphocytes, the stimulatory response to CAMP was not as pronounced but was still 130% of that of the untreated controls. When T-lymphocytes were pre-treated with GMA and activated by non-pre-treated pulpal accessory cells, there was a lower proliferative response than when non-pretreated T-lymphocytes were incubated with GMA-pretreated pulpal accessory cells (Fig. 8 ). These differences were statistically significant (p < 0.05). This statistically significant, varied response between the two cell populations was not seen following pre-treatment with bis-GMA, UDMA, or CAMP.
Discussion
The present paper is the first to study the interaction between pulpal immune cells and resin components. These results show that, at certain concentration levels, the majority of the resin components tested in this study inhibited a Con-A-driven proliferation of both spleen cells and purified T-lymphocytes. The latter cells were activated by accessory cells from the dental pulp. Therefore, analysis of these data suggests that components extractable from dental composites may not only produce deleterious effects upon stromal cells , but may also impair the function of pulpal immunocompetent cells. In general, adverse influences of dental materials on biological tissue may be attributed to either toxic or hypersensitivity reactions. With regard to toxicity, tissue damage depends, on the one hand, on the concentration gradient presented to the tissue and, on the other hand, on the cytotoxic potential of the xenobiotic chemical. Since there are no realistic estimates of the concentration levels at which unpolymerized resin components may occur in either dentinal fluid or at the contact surface with the dental pulp tissue proper following the placement of a dental restoration, it is not possible to assess if the concentrations tested in our series of experiments were clinically relevant. It is well-documented, however, that a barrier of freshly exposed dentin will not prevent the diffusion of antigenic substances to the pulp and that sufficient concentrations to induce immune pathological reactions can be built up within hours following an antigenic challenge (Bergenholtz et al., 1977) . Ferracane and colleagues (Ferracane and Condon, 1990) have shown that from 85 to 100% of the extractable components from Silux are released during the first 24 h following polymerization, after which very little will be released. Rathbun et al. (1991) demonstrated that the toxicity was decreased by 90% following extraction of polymeric resin composites with organic solvents. These observations suggest that the highest risk for toxicity would be immediately after the placement of a composite material.
In a previous study , Balb/c 3T3 fibroblasts were inhibited in a concentration-dependent fashion when these cells were exposed to the very same components as used in the current study. When the findings of that study were compared with the current data, UDMA and bis-GMA showed a strong inhibitory effect in both test systems (ID50 < 20 pmol/L), suggesting a pure cytotoxic effect of these agents to both fibroblasts and The inhibitory effects of resin components to Balb/c 3T3 cells, observed by Hanks et al. (1991) , correlated positively with the concentration of each component. Some of the same components-e.g., bis-GMA, UDMA, TEGDMA, and BPAstimulated mitogen-activated spleen cells when used at low concentrations. This variation appears not to be related to an inherent difference between stromal cells and (Miller and Anderson, 1988) . Thus, it is possible that a modified cytokine profile contributed to an increased proliferation of B-lymphocytes at the lower concentrations of some of the materials tested in the current study. A stimulatory effect was particularly noted for CAMP. This general effect suggests that CAMP, at some level of stimulation of lymphocytes, cooperates with Con A or is a mitogen itself. Future studies should be directed to analyze pertinent conditioned media for elaborated cytokines.
All of the components except CAMP were inhibitory at high concentrations. This effect may be explained by a general decrease in the ability to proliferate or by the killing of specific populations of cells. The latter explanation is not likely, since the separate cell types did recover after a fourhour exposure to high concentrations of the resin components. A killing effect would probably have totally abrogated proliferation and would not have appeared as the concentration-dependent inhibition observed.
Several studies lend support to the concept that bacterial leakage around composite restorations, rather than cytotoxicity, is responsible for most emerging inflammatory pulp lesions (Brannstrom and Nyborg, 1972; Bergenholtz et al., 1982; Cox et al., 1987) . It is tempting to speculate that inflammation and necrosis of the pulp on many occasions may be the result of a combined effect of material-related cytotoxicity and bacterial infection. There is compelling evidence that many chemicals adversely affect the immune system and that chemically induced immunosuppression is often correlated with decreased host resistance to infectious agents (Luster, 1989) . Consequently, immunosuppression of pulpal immunocompetent cells elicitecf by resin components may enhance the potential for bacterial injury to the pulp tissue. Thus, increased incidence and severity of pulpal infection are justifiable concerns following exposure of the tissue to immunotoxic chemicals.
